Tc to cementitious materials increased with increasing slag content for simulated saltstone samples. This is consistent with the conceptual model that redox active sulfide groups within the reducing slag facilitate reduction of Tc(VII) to Tc(IV).
These experiments differ from previous experiments where a 2% H 2 (g) atmosphere was maintained (SRNL-STI-2010 ). The impact of the 2% H 2 (g) reducing atmosphere on this data was examined and determined to cause the reduction of Tc in experimental samples without slag. In the present ongoing study, after 56 days, Tc sorption by the 50-year old cement samples (no slag) was undetectable, whereas Tc sorption in the cementitious materials containing slag continues to increase with contact time (measured after 1, 4, 8, 19 and 56 days). Sorption was not consistent with spike concentrations and steady state has not been demonstrated after 56 days. The average conditional K d value for the Vault 2 cementitious material was 873 mL/g (17% slag), for the TR547 Saltstone (45% slag) the conditional K d was 168 mL/g, and for TR545 (90% slag) the conditional K d was 1,619 mL/g. It is anticipated that additional samples will be collected until steady state conditions are established to permit measuring more representative K d and solubility values under these experimental conditions.
The purpose of this revision is to correct K d values reported in the original document. This document reports results for the first 56 days of a 319 day experiment. After the experiment had finished and all the data were compiled for QA/QC analysis, a mistake in the K d calculations was found. The K d values reported in revision 0 of this report were essentially one order of magnitude higher than the actual values. In this revision, the text references to K d values have been updated along with the data in Figure 2 and Appendix B. Between the time the original document was issued, Janurary 2012, and this document was issued, a final report (Estes et al. 2012; SRNL-STI-2012-00596, Rev. 0) describing all the corrected data for the 319 day experiment was issued. This document does not contain any data that is not already reported in the final report (SRNL-STI-2012-00596, Rev. 0) . 
Introduction
Technetium is among the key risk drivers at the Saltstone Facility. It is immobilized in saltstone by (1) minimizing diffusion within the pore spaces of the cementitious wasteform, and (2) promoting the reduction of the highly mobile Tc(VII) form to a highly immobile Tc(IV) form by blast furnace slag. Kaplan et al. (2011;  reporting the thesis work by Lilley (2010) ) attempted to measure its equilibrium constant by conducting (ad)sorption TcO 4 -studies in a glovebag. The objective was to measure the distribution coefficient, K d value, between solid phase saltstone and the aqueous phase. It became apparent that too reducing a condition had been created by the H 2 gas, when experimental results showed the slag-free cementitious controls removed as much Tc from solution as the slag-containing cementitious materials. The objective of this study was to perform the original study with a less reducing condition to experimentally create and control redox conditions that are more representative of the interior saltstone material where oxygen gas levels are calculated to be at or near 0 %. This is a status report and reflects work completed between May 5 and September 30, 2011. At the time of the last sample, steady state conditions have not been demonstrated. It is anticipated that this work will continue in the following year to permit measurement of steady state solubility and/or K d values.
Materials and Methods
There were four different cementitious formulations selected for this sorption study (Table 1) . The first, referred to as Aged Cement, is a 50 year old sample that does not contain any reducing slag. The Vault 2 formulation contains 17% reducing slag. The TR547 and TR545 saltstone formulations contain 45% and 90% reducing slag, respectively. In the case of the Vault 2 sample, effort was made to remove the larger aggregate prior to analysis, but the sand remained with the cement, slag, and fly ash. The composition of the Aged Cement is not known. No precautions were made to store the reducing-cementitious samples in an inert environment since fabrication four years ago, so it is anticipated that some oxidation of these samples occurred. At the start of the study the ground saltstone samples were primarily greenish gray. Lukens et al. (2005) 2.1 Methods
Experimental Conditions and Apparatus
All experiments were performed in an anaerobic glovebag with approximately 0.1% H 2 (g)/99.9% N 2 (g). This was found to be an optimal H 2 (g) concentration to maintain the desired reducing conditions described below. A first set of experiments performed with 100% N 2 (g) atmosphere within the glovebag were unsuccessful. Most likely, oxygen diffusion into the bag resulted in oxidizing conditions within the samples and therefore minimal sorption of 99 Tc(VII) was observed. The K d values were similar to those measured under oxidizing conditions with samples having oxidizing Eh values >100 mV (Lilley et al., 2009 , SRNL-STI-2009 . Therefore, to reach mildly reducing conditions the 0.1% H 2 (g) atmosphere was maintained. In order for the glovebag to maintain anaerobic conditions, a palladium catalyst is used inside the bag. The catalyst converts O 2 (g) to water via reaction with H 2 (g). Therefore, the small amount of H 2 (g) is necessary to counter O 2 (g) diffusion into the bag. (VII) . The reduced Tc(IV) oxidation state would have a very low solubility under these conditions. The expected concentration of 950 ppb based on the dilution was verified using liquid scintillation counting. The 99 Tc working solution was used to make 0.01, 0.05, 0.5, 1, 2, 5, and 10 ppb standards by dilution using 2% HNO 3 . These standards were used to calibrate the Thermo Scientific X Series 2 inductively coupled plasma mass spectrometer (ICP-MS) for quantification of 99 Tc. The instrument performance was monitored by interpolating between 89 Y and 115 In internal standards. The recovery of each sample during analysis was corrected based on the internal standard recovery. The internal standard recoveries remained within standard quality assurance/quality control (QA/QC) protocols for the instrument (between 80% and 120%).
For each of the four solids, two sets of triplicate samples were prepared with 99 Tc(VII) concentrations of 2.5 ppb and 10 ppb. A set of no solids controls at initial concentrations of 2.5 ppb and 10 ppb 99 Tc were also prepared in triplicate. Samples were prepared in Falcon BlueMax 50 mL polypropylene vials. A 1.0 g aliquot of solid was added to the tube followed by 40 mL of saturated calcite solution. The resulting solutions were then spiked with 99 Tc(VII) to either 2.5 ppb or 10 ppb and shaken end-over-end. The point at which the 99 Tc(VII) amendment was made was considered time zero. These spike concentrations were selected because they were easy to detect (they would provide sufficient range to permit detecting Tc values measured in contact with saltstone in these studies were equal to or below this concentration because they were measured under reducing conditions that promote adsorption and precipitation.
At 1, 4, 8, 19, and 56 days after spiking with 99 Tc, approximately 2 mL of each suspension was recovered. Care was taken to remove a homogenous sample of the saltstone suspension to prevent changing the aqueous/solid ratio in the sample. The 2 mL aliquot was passed through a 200 nm PTFE filter and the first milliliter was discarded. A 1.0 mL aliquot of the filtrate was then diluted with 9 mL 2% HNO 3 and the soluble 99 Tc concentration was determined using ICP-MS as discussed above. The Eh and pH of the remaining suspensions were measured and recorded at each sampling interval.
Results and Discussion

99 Tc Batch Sorption Experiments
The fraction of aqueous 99 Tc in the four cementitious solid suspensions as well as the no solids blanks are plotted in Figure 1 . The data are also presented with K d on the y-axis in Figure 2 . As expected based on the high solubility and low sorption affinity of 99 Tc(VII), there was little loss of 99 Tc to the container walls in the no solids control samples presented in Figure 1 . (It is not necessary to have to assume a speciation for Tc, but due to the high concentrations in the no solids controls, and the lack of sorption to the slag-free Aged cement, it is likely that the original spike was TcO 4 -.) The data in tabular format is presented in Appendix B. At the end of the study, aqueous suspensions will be analyzed the ratio of Tc(VII/IV) aq. in the aqueous phase to confirm experimental results.
In samples containing cementitious solids, sorption generally increased with increasing slag content in the solid. There is little sorption of 99 Tc to the aged cement sample. The high amount of 99 Tc sorption to the Vault 2 solid (17% slag) at 56 days was somewhat unexpected due to the low slag content, with respect to TR547 (45% slag). However, at early sampling points, there is clearly greater sorption of 99 Tc to TR545 and TR547. It is unclear what is causing the relatively strong sorption to the Vault 2 sediment at extended times. It is noteworthy that similar elevated 99 Tc uptake compared to TR545, containing a higher concentration of slag, was also observed under more reducing conditions (Lilley et al., 2009 , SRNL-STI-2009 . Figure 2 show that there are no consistent differences in the K d values between the 2.5 ppb and 10 ppb 99 Tc loadings for the same solid. This is somewhat unexpected because the K d values should be independent of total analyte concentration. However, these are the initial data points and the systems have clearly not reached equilibrium. Therefore, the observed difference in K d values may be a manifestation of 99 Tc concentration dependence on the sorption kinetics. It is noteworthy that the relatively large K d variations in Figure 2 are the result of relatively small differences in fraction sorbed (Figure 1; Appendix B) . Additionally, there is not a consistent trend, whereby one spike concentration produces a greater or lower relative K d value. The average conditional K d values for both spike concentrations (average of 6 values):
Data in
Saltstone (45% slag) = 168 mL/g  TR545 Saltstone (90% slag) = 1619 mL/g The pH and redox potentials measured at each sampling interval are provided in Figure 3 and Figure 4 , respectively. As expected, the pH values of the four cementitious materials were between 11.25 and 12.25 (Figure 3) . They did not vary as a function of time. The no solids control did change during the course of the study, likely as a result of changes in the redox status (Figure 4) . Generally, as Eh increases, pH in aqueous systems decreases.
The Eh of all five systems, regardless of whether they contained slag or not, during the first 19 days of the study, had Eh values of about -400 (Figure 4) . By the time the next measurement was taken, day 56, the Eh of the two slag-free systems (no solids controls and the aged cement) increased substantially to above zero mV. The cause for this is not known but it is possible that the reductant (perhaps H 2 originating from the glovebag atmosphere) was eventually dissipated or consumed and the system returned to its anticipated redox state. The slag containing systems, the Vault 2 and the two saltstone samples, remained at very low Eh values. There is essentially no 99 Tc sorption to these slag-free systems, so it is not surprising that 99 Tc sorption to these two systems did not change significantly at day 56. 
Submission of Proposal for XAS Beamline Time
A proposal for beamline time to examine the redox state of Fe, S, and Cr (non-rad) to understand the measure oxidation rate and understand chemistry/mineralogy responsible redox chemistry was conditionally approved for the end of January 2012. A copy of the submitted proposal is provided in Appendix A. A follow up proposal in the coming year will be written to examine the Tc redox state.
Conclusions
Tc sorption experiments to cementitious materials in an anaerobic glovebag were conducted to provide input for the performance assessment of Tc in saltstone. Many controls and ancillary measurements were included in the study. Among the more important observations were that Tc did not sorb to the no-solid control glassware and slag-free cementitious material Tc sorption tended to increase with increasing slag content in the cementitious material formulation (with one notable exception). 
